All relevant data are included in the Supporting Information files.

1. Introduction {#sec001}
===============

Urbanization is an important issue that geography has long been concerned about \[[@pone.0235351.ref001]\]. In recent years, the process of the urbanization has produced huge and rapid changes worldwide \[[@pone.0235351.ref002], [@pone.0235351.ref003]\], and the development of urbanization is having a profound impact on China and the world in the era of economic globalization \[[@pone.0235351.ref004], [@pone.0235351.ref005]\]. Compared with developed countries, developing countries could rely on rapid urbanization to achieve economic development and reduce regional income gaps. At present, the center of gravity of global urbanization has shifted to developing countries \[[@pone.0235351.ref006]\]. As the largest developing country in the world, China, with its rapid urbanization and unique development path, has attracted widespread and increasing attention \[[@pone.0235351.ref007], [@pone.0235351.ref008]\]. From 1978 to 2017, the urbanization rate of China has increased from 17.9% to 58.52%; the number of people living in poverty has dropped sharply, and public infrastructure, education, medical care and social security have been improved. At the same time, the rapid urbanization process has caused the disorder of spatial production, which has brought a series of spatial contradictions and social problems, and has made sustainable development face serious challenges \[[@pone.0235351.ref009]\].

Urbanization and the resulting allocation of spatial resources have promoted economic growth, changed land use patterns, reshaped regional development patterns, and affected and changed the natural and social environment in many ways \[[@pone.0235351.ref010]\], for example, environmental degradation \[[@pone.0235351.ref011]\], urban housing problems \[[@pone.0235351.ref012]\], urban-rural inequality \[[@pone.0235351.ref013]\], the widening rural-urban gap \[[@pone.0235351.ref014]--[@pone.0235351.ref016]\], excessive land development, arable land loss \[[@pone.0235351.ref017], [@pone.0235351.ref018]\], and increased energy consumption \[[@pone.0235351.ref019]\]. In turn, this change also exerts an influence on urbanization, which is mainly reflected in the planning that determines regional economic development and urbanization blueprints \[[@pone.0235351.ref020]\]. The process of urbanization is also an essential process of spatial production. Spatial production has the characteristics of social construction, which means that various elements interact and are always are always in the process of being created \[[@pone.0235351.ref021]\]. At different spatial scales, the social relations shaped by spatial production are also undergoing new changes. Therefore, new theories are urgently needed to guide and improve the traditional urbanization pattern \[[@pone.0235351.ref022]\].

Urbanization, spatial production and sustainable development are dynamic, multi-dimensional social spatial processes. Many scholars have already studied the issues of urbanization from the perspective of social space dialectics \[[@pone.0235351.ref023]--[@pone.0235351.ref025]\]. Urbanization studies have shown an important "spatial turn" \[[@pone.0235351.ref026], [@pone.0235351.ref027]\]. China's urbanization is not copied from developed countries; on the contrary, it has distinct Chinese characteristics \[[@pone.0235351.ref028], [@pone.0235351.ref029]\]. Spatial production driven by power and capital has been the main pattern of urbanization in China. The characteristics of this pattern is the coexistence of high urbanization rate and high growth rate, a large number of rural people entering the city, and the rapid expansion of urban scale. Simultaneously, the sharp decline in arable land, water shortages, degradation of oasis, and intensification of "heat islands" effect have caused widespread concern around the world \[[@pone.0235351.ref030], [@pone.0235351.ref031]\]. Under the interaction of urbanization and spatial production, physical space has been greatly improved, and people's sense of gain and happiness has been greatly satisfied. But the spiritual space has been severely squeezed; the neighborhood is isolated; homesickness is lost, and the sense of belonging has weakened. Spatial production is the result of the struggle between different spaces \[[@pone.0235351.ref032]\]. In the process of urbanization, factors such as power and capital create new space forms in accordance with their own needs, which in itself is a damage to the original spaces. Prosperity and depression, tolerance and exclusion, and new social relations are driving the transformation of social space.

Spatial production and sustainable development have been hot topics in the field of urbanization research \[[@pone.0235351.ref033]--[@pone.0235351.ref040]\]. Many scholars have conducted extensive research on urbanization in developed countries \[[@pone.0235351.ref041], [@pone.0235351.ref042]\] or developed regions in developing countries \[[@pone.0235351.ref043], [@pone.0235351.ref044]\], but urbanization and sustainable development in less-developed regions with complex and fragile ecological environments are often overlooked. In order to effectively respond to the sustainable development problems associated with urbanization and spatial production, the Chinese government has formulated a strict ecological supervision system and vigorously promoted the strategy of ecological civilization. However, because the destructive power of economic activities on natural space far exceeds the resilience of natural systems and the ecological carrying capacity of natural resources, the effect is not significant, and in some regions irreparable environmental disasters are even caused. The unsustainable urbanization development pattern has intensified these spatial contradictions and distorted urban-rural relations \[[@pone.0235351.ref045]\]. At present, the mechanism of urbanization and spatial production is not clear and needs to be supplemented and improved. Based on researches of urbanization and spatial production by Ye et al. \[[@pone.0235351.ref026], [@pone.0235351.ref044]\], this paper proposes a conceptual framework of "spatial production-urbanization-sustainable development", which helps to formulate policies and meet challenges in less-developed regions, and provides a scientific reference for sustainable urbanization in developing countries.

The section 2 introduces the location characteristics of Hexi Corridor and the reality of urbanization, focusing on the interpretation of the theoretical framework of the content and basic ideas. Section 3 describes the spatio-temporal processes of urbanization and spatial production in Hexi Corridor and their impact on the ecological environment. The fourth part emphasizes the consequences of spatial production driven by power and capital, and puts forward the important practical significance of changing the urbanization pattern to the less-developed regions.

2. Materials and methods {#sec002}
========================

2.1. Study area {#sec003}
---------------

The Hexi Corridor (92°21′-104°45′E, 37°15′-41°30′N) is located in the arid desert area of Northwest China. The geology and geomorphology are complex and diverse, and the ecological environment is very fragile. The total land area is 27.6 × 10^4^ km^2^, including five prefecture-level cities (Wuwei, Zhangye, Jinchang, Jiuquan and Jiayuguan), 20 counties (districts), including 4 minority autonomous counties (Akesai, Subei, Sunan and Tianzhu). Nourished by the three inland river systems (Shiyang River, Hei River and Shule River) originating from the Qilian Mountains, the Hexi Corridor has been a famous oasis agricultural demonstration area and irrigated agricultural area in the northwest inland. The area of arable land is 2 million hm^2^; the area of desert and desertification land has reached 23.6 million hm^2^, and water resources are extremely scarce. At the end of 2017, the total population was 4,879,200, and the urbanization rate reached 61.86%, which was 14.17 and 3.34 percentage points higher than the average levels of Gansu and China, respectively. Jiayuguan has the highest urbanization rate at 93.45%, which is slightly lower than that of developed coastal cities such as Shenzhen, while Gulang County has the lowest urbanization rate, only 26.2%. The urbanization development within the Hexi Corridor is imbalanced, and is affected and restricted by social economy and natural conditions \[[@pone.0235351.ref046]\]. Thus, the traditional urbanization pattern can no longer meet the needs of development, and the urbanization transition is imminent.

2.2. Data acquisition {#sec004}
---------------------

The empirical data of urbanization development are mainly from the Gansu Yearbook (2001--2009) and Gansu Development Yearbook (2010--2018) and the statistical bulletin in counties and districts. There are no districts or counties in the Jiayuguan City, and when using the county as the basic unit of analysis, statistics from Jiayuguan City are used instead. Anxi was renamed Guazhou in 2006, and the data before 2006 were obtained from Anxi. Water resource data are from the annual "Water Resources Bulletin" issued by the Gansu Provincial Department of Water Resources, and the LULC data are taken from the Resource and Environment Data Cloud Platform (<http://www.resdc.cn/>) of Chinese Academy of Sciences. The case of ecological environment destruction in the Qilian Mountain Nature Reserve provided good support for the paper.

2.3. Methodology {#sec005}
----------------

Spatial production is not only the reproduction of social space, but also the reproduction of spatial relationships \[[@pone.0235351.ref026]\]. Space is the product and content of society, and society is the collection and representation of space. The two are constantly being reshaped under the interweaving action \[[@pone.0235351.ref047]\]. Space is not just a passive recipient of social, economic and cultural infestation, but an active participant in urbanization \[[@pone.0235351.ref048]\]. Capital, power, and class are the sources of motivation for spatial production and social revolution. Spatial production is a social relationship under the influence of various forces like capital, and then this social relationship has shaped an urbanization process from rural space to urban space \[[@pone.0235351.ref049]\]. These processes directly affect the three sustainable development areas of economic prosperity, social development and environmental protection \[[@pone.0235351.ref050]\], as shown in [Fig 1](#pone.0235351.g001){ref-type="fig"}.

![The conceptual framework of spatial production-urbanization-sustainable development.](pone.0235351.g001){#pone.0235351.g001}

In recent years, the spatial production caused by urbanization has been more and more unsustainable, the space contradiction has been increasingly acute, and the space relationship has been more complicated. On the social scale, on the one hand, the urbanization dominated by spatial production has changed the social and cultural landscape and improved people\'s living standards. On the other hand, it also causes the widening income gap between urban and rural regions, and frequent occurrence of social stratification and spatial injustice \[[@pone.0235351.ref051]\]. On the natural scale, people pay more attention to the living environment and air quality, and the increasing demands for leisure, vacation and recuperation, which force the urbanization to strengthen the environmental protection and ecological restoration \[[@pone.0235351.ref049], [@pone.0235351.ref052]\]. Nevertheless, the urbanization still inevitably leads to resource overload, energy overexploitation, environmental damage and biodiversity loss. Increasing environmental and ecological erosion has accelerated social-ecological interaction between space and the environment \[[@pone.0235351.ref027], [@pone.0235351.ref053]\]. Therefore, it is an inevitable choice for sustainable development to study the mechanism of spatial production and urbanization, and to explore the urbanization pattern in harmony with ecological environment \[[@pone.0235351.ref054], [@pone.0235351.ref055]\].

The interaction between urbanization and spatial production shows that we must pay attention to the coordinated development of the coupling between human and nature, and conduct comprehensive research from an interdisciplinary perspective \[[@pone.0235351.ref056]\]. Based on the theories of spatial production, urbanization and sustainable development, the article proposes a new conceptual framework \[[@pone.0235351.ref044], [@pone.0235351.ref049], [@pone.0235351.ref055], [@pone.0235351.ref057], [@pone.0235351.ref058]\], links spatial production, urbanization and the social space and ecological environment problems, and analyzes the process of spatial production and urbanization in less-developed regions. Considering the regional differences and characteristics, we select the variables of FAI (fixed asset investment) and REI (real estate investment), PCFE (per capita fiscal expenditure) and URIR (urban-rural income ratio) to reflect the impact of capital, power and class on urbanization \[[@pone.0235351.ref026], [@pone.0235351.ref059]\], and urbanization rate is used to measure urbanization level. Using socio-economic statistical data, this paper empirically analyzes the evolution characteristics and the spatial pattern of spatial production and urbanization in the Hexi Corridor at the county scale \[[@pone.0235351.ref060]\]. Urbanization in less-developed regions is at the expense of resources and environment \[[@pone.0235351.ref061]\], which arouses the world to attach great importance to the sustainable development. This paper describes the changes of resources and environment in the process of urbanization using water resources data and land resources utilization data interpreted by RS (remote sensing) method \[[@pone.0235351.ref062], [@pone.0235351.ref063]\]. The results show that the transformation of urbanization or spatial production mode should not only deal with the relationship among capital, power and class and urbanization, but also actively respond to the economic, social and environmental challenges that sustainable development may face.

3. Results: Spatio-temporal evolution of urbanization and spatial production of the Hexi Corridor {#sec006}
=================================================================================================

The Hexi Corridor is situated at the junction of the Tibetan Plateau and the Inner Mongolia plateau. It is bordered by the Qilian Mountains in the South, and the Badain Jaran Desert and the Tengger Desert in the north. Under the transportation and accumulation of three major regional rivers, the starry Gobi oasis was formed. Known as the "northwest granary" and the ancient Silk Road, Hexi Corridor used to have pleasant climate, developed agriculture and dense population. With a long history and rich cultural resources, Hexi Corridor has played an important role as a bridge and link between Chinese and Western cultures.

At present, the global climate change leads to water shortage, desertification, and oasis area sharp reduction, which seriously affect the ecological environment of the Hexi Corridor. For a long time, development and protection are its unavoidable practical problems. In order to improve the living environment in the western region, China has implemented the policy to develop the western region. The local economic situation has improved significantly; the number of people living in poverty has decreased greatly, and the protection of the natural environment has risen to a national level. The advancement of urbanization strategy has promoted the regional status of the Hexi Corridor to a certain extent, and changed the development pattern of social space. However, the rapid urbanization has caused irreversible damage to the natural environment \[[@pone.0235351.ref064]\], which has seriously threatened the national ecological security. The changes of geopolitics and the ecological environment restrict the development of this region. For a long time, although the national and local governments have paid more attention to the ecological governance in this region and taken practical actions, the deterioration of the ecological environment has been on the rise. The implementation of the China's Major Function Zoning and ecological civilization have further established the irreplaceable position of the Hexi Corridor at the regional and even national ecological level. It's time to change the way of spatial production in the Hexi Corridor.

3.1. Time series analysis of the urbanization evolution in the Hexi Corridor {#sec007}
----------------------------------------------------------------------------

The rise and fall of the Hexi Corridor is always closely linked to the government's policies of the same period. Since 2000, in addition to the local people's willingness to pursue their own development, the urbanization of the Hexi Corridor has been gradually promoted by the government. Facts show that power is leading and dominating the process of urbanization in the Hexi Corridor.

The central government documents mainly guide regional development through macro-control. The 10th Five-Year Plan proposes for the first time to build a reasonable urban system and break the urban-rural division system. The 11th Five-Year Plan emphasizes the Longhai Line as the horizontal axis and the urban agglomeration as the main body to form a reasonable spatial pattern of urbanization. The 12th Five-Year Plan proposes to cultivate and expand western urban agglomerations to promote the integrated construction and networked development of urban infrastructure. The requirements of the 13th Five-Year Plan are more specific, emphasizing human's urbanization as the core, narrowing the urban-rural gap, and promoting the urban-rural integration. In the same period, related documents such as the western development, urban system construction, and New-type urbanization planning have been issued in detail to supplement the urban axes and urban belts, urban agglomerations in the western regions, and the Silk Road Economic Belt.

In addition to the "Five-Year Plan" of the central government, in order to actively respond to the overall arrangement of the state, the local government further refined and supplemented the relevant urbanization policies. The policies are mainly based on regional characteristics, and aiming to support and help the Hexi Corridor to achieve the set goals in stages. They put forward the development goals of the Hexi Corridor for the future, that is, to gradually build the Oasis Economic Zone, Hexi Corridor Economic Zone, and Hexi Corridor Urban Agglomeration.

Since 2000, in order to accelerate the urbanization, the central and local governments have continuously increased fiscal expenditures and transfer payments. PCFE has grown rapidly, from 710.25 Yuan (2000) to 12175.33 Yuan (2017), an increase of nearly 940 yuan. PCFE changes can be divided into three stages: low-speed growth (2000--2006), medium-speed growth (2007--2010), and high-speed growth (2011--2017), which are very similar to the change trend of the urbanization rate (see Figs [2](#pone.0235351.g002){ref-type="fig"} and [3](#pone.0235351.g003){ref-type="fig"}). This change process is also highly consistent with the major policy adjustments of the two levels of government in the same period, further explaining the dominant role of power in the urbanization of the Hexi Corridor.

![The variation in PCFE and FAI of Hexi Corridor.](pone.0235351.g002){#pone.0235351.g002}

![Evolution of REI and the urbanization rate of Hexi Corridor.](pone.0235351.g003){#pone.0235351.g003}

As the most basic factor of production, capital plays an essential role in the process of urbanization. The urbanization of less-developed regions is quite different from that of other regions. The urban and rural infrastructure is serious insufficiency. The construction intensity is high, and the density is big. To strengthen infrastructure, improve public services and promote the construction of key ecological function areas, we need a large amount of financial support. Since 2000, the central and local governments have continuously increased their policy support and financial transfer payments, FAI and REI have achieved rapid growth, as shown in Figs [2](#pone.0235351.g002){ref-type="fig"} and [3](#pone.0235351.g003){ref-type="fig"}. FAI amounted to 7.59 million yuan in 2000 and peaked at 264.42 million yuan in 2016, a nearly 35 times. REI also increased 26 times, from 0.14 million yuan in 2000 to 3.77 million yuan in 2016. Although the government had made great achievements in promoting the equalization of public services and narrowing the urban-rural gap, it was difficult to make up the huge historical deficit in the short term. Meanwhile the government investment alone is not a long-term solution to the actual problems due to the imperfect market development in less-developed regions. In 2016, the government reformed the financial investment system and gradually relaxed restrictions on private capital. Private capital has begun to flow into basic public services such as infrastructure, education, and medical care. As a result, Hexi Corridor\'s FAI and REI began to decline in 2017. Through financial reforms, the healthy development of urbanization has been promoted, and the regional economic and social development has realized the two-wheel drive of state-owned capital and private capital. However, the change in investment structure reflects the role of the government, which further illustrates the impact of power on urbanization.

The long-standing dual economic structure in less-developed regions is the main cause of urban-rural polarization. Urbanization is an effective way to eliminate polarization and narrow the urban-rural gap. Changes in the structure of agricultural industry have made it possible for surplus labor to enter the cities, and farmers' desire for a better life has accelerated the urbanization. However, the lack of labor skills, barriers to entry for citizenship, and partial coverage of basic social security have left farmers in cities for the first time in an awkward position. The urbanization of the collusion of capital and power cannot maintain the basic income level of farmers. Income imbalance deprives farmers of the benefits and welfare that accrue from being "urbanized", and the excessive income gap deviates from the original intention of "people-oriented" urbanization.

According to the proportion (URIR), we can divide the urbanization process of the Hexi Corridor into two stages (see [Fig 4](#pone.0235351.g004){ref-type="fig"}). The period 2000--2008 was the first stage and the URIR continues to increase, reaching a maximum of 2.54 in 2008. Urban and rural income growth has been slow, and the urban-rural incomes gap has continued to widen. In the second stage, the URIR declined slowly, and was basically the same in 2017 as in 2001. Urban and rural incomes have grown rapidly, and the urban-rural income gap has gradually narrowed. Overall, from 2000 to 2008, urban income grew significantly faster than rural income. After 2008, the situation was reversed, and 2008 was a turning point. It is the uneven geography, the unequal distribution of infrastructure and resources, and the differentiated policies that have led to an obvious social differentiation in the Hexi Corridor.

![Change of the urban-rural income gap of the Hexi Corridor.](pone.0235351.g004){#pone.0235351.g004}

3.2. The evolution process of spatial production in the Hexi Corridor {#sec008}
---------------------------------------------------------------------

As a result of the rapid urbanization in China, the urbanization rate of the Hexi Corridor continues to increase (see [Fig 5](#pone.0235351.g005){ref-type="fig"}), and regional central cities such as Jiayuguan, Suzhou and Jinchuan are generally higher than non-central cities. Although the rate of urbanization growth varies from city to city, the gap is narrowing, from 79.51 in 2000 to 66.8 in 2017. Some ethnic minority regions have relatively high urbanization rates because of factors like geography, population, and national poverty alleviation policies. The reason is mainly the result of the combined action of FAI, REI, PCFE and so on.

![Evolution of the urbanization rate of the Hexi Corridor.](pone.0235351.g005){#pone.0235351.g005}

Reducing labor intensity and increasing capital intensity is the only way to activate rural assets and resources and realize rural and agricultural modernization. As a direct driver of urbanization, capital provides a sustainable and stable source of funds for high-quality urbanization. From 2000 to 2017, the amount of FAI in almost every city increased significantly (see [Fig 6](#pone.0235351.g006){ref-type="fig"}). Accordingly, the urbanization rate also increased. However, the city where the prefecture-level capital is located had a faster increase in FAI and is much larger than other cities. In addition, the growth of FAI between cities was very uneven, and the gap continued to widen, increasing from the original 1.01 billion yuan to 17.19 billion yuan in 2017, an increase of 17 times. The study found that the factors affecting spatial production varied in the same region. For example, in the Jiuquan region, Suzhou was mainly dependent on FAI to promote the urbanization process, while Akesai's urbanization was mainly subject to population changes. This phenomenon is very common in the minority autonomous counties in the Hexi Corridor, and the higher urbanization rate also indicates that minority policies (i.e., power) have played an important role in the process of spatial production.

![Evolution of FAI of the Hexi Corridor.](pone.0235351.g006){#pone.0235351.g006}

In the urbanization with Chinese characteristics, fiscal policy plays an irreplaceable role. Fiscal policy promotes the coordinated development of urban and rural regions, and optimizes the allocation of resources. It is not only the driving force of urbanization, but also an important tool for urban development and rural revitalization. Fiscal expenditure is an important part of fiscal policy and has played an important role in the urbanization of less-developed regions. In 2000, the PCFE of the Hexi Corridor was 35.51 yuan per person, which increased to 608.77 yuan per person in 2017, about 17 times that of 2000. The urbanization rate increased by 22 percentage points simultaneously. Compared with other regions, minority regions have grown faster (see [Fig 7](#pone.0235351.g007){ref-type="fig"}). For example, Tianzhu's PCFE increased from 4.88 yuan per person in 2000 to 211.43 yuan per person in 2017, an increase of nearly 43 times. Compared with other countries, the Chinese government stress people-oriented urbanization and pay more attention to improving of people's living standards. Especially through urbanization, the living standards of ethnic minorities have been greatly improved.

![Evolution of PCFE of the Hexi Corridor.](pone.0235351.g007){#pone.0235351.g007}

Narrowing the urban-rural income gap is not only an important goal of new-type urbanization, but also a basic requirement of the sustainable development. The urban-rural income ratio reflects the differentiation of the rich-poor gap in the social classes and the basic characteristics of the uneven development \[[@pone.0235351.ref044]\]. In China, urban and rural regions have been two long-standing social classes since ancient times, and they are also the main carriers for the generation and development of social contradictions. Changing the traditional urban-rural dual structure and building a harmonious urban-rural relationship are the only way to achieve sustainable development. Urban and rural regions are two different spaces, and there are huge gaps in public infrastructure, medical services, education, technology, welfare and income \[[@pone.0235351.ref026], [@pone.0235351.ref047], [@pone.0235351.ref065]\]. However, spatial production driven by power and capital often ignores the interests of farmers-a phenomenon that has eased after promoting people-oriented urbanization. From 2000 to 2017, the URIR of the Hexi Corridor first rose and then declined (see [Fig 8](#pone.0235351.g008){ref-type="fig"}), which means that the urban-rural income gap has gradually narrowed. But within regions, regional imbalances still coexist. In some regions, such as Akesai (1.45), Subei (1.46), and Sunan (1.59), mainly dominated by animal husbandry, with the help of the ecological civilization and the policy of turning marginal arable land to forests, the income and lives of herders have greatly improved. On the contrary, in poor geographical regions, such as Gulang, the urban-rural income ratio is at a high level (3.28), which is higher than the national average (1.5).

![Change of the urban-rural income proportion in the Hexi Corridor.](pone.0235351.g008){#pone.0235351.g008}

3.3. Deteriorating ecological security: Urbanization, spatial production and sustainable development {#sec009}
----------------------------------------------------------------------------------------------------

Rapid urbanization has caused a surge in water utilization, while climate change and human activity have reduced Qilian Mountains's ability to conserve water. Existing research shows that when the water resource utilization reaches or exceeds its threshold \[[@pone.0235351.ref066]\], it will face a series of ecological problems such as increased desertification and oasis degradation, which will delay or even hinder social and economic development. The Hexi Corridor belongs to arid and water deficient regions in northwest China ([Table 1](#pone.0235351.t001){ref-type="table"}). According to the classification criteria proposed by Fang Chuanglin et al \[[@pone.0235351.ref067]\]. Jiayuguan and Wuwei regions are the severely water deficient regions, and the water resources system very strongly resists the urbanization; Jinchang region is a moderate water deficient regions, and the water resource system is more resistant; Jiuquan region and Zhangye region are the water deficient regions, indicating that water resources are abundant and the resistance of the water resources system is relatively weak. Historically, water has been an important constraint to the Hexi Corridor\'s urbanization.

10.1371/journal.pone.0235351.t001

###### Development and utilization of water resources in the Hexi Corridor.

![](pone.0235351.t001){#pone.0235351.t001g}

  Region             Surface water resources (10^8^ m^3^)   Unrepeated groundwater resources (10^8^ m^3^)   Water resources available (10^8^ m^3^)   Water consumption in 2017 (10^8^ m^3^)   Utilization ratio of water resources (%)   Water resources per capita (m^3^/person)
  ------------------ -------------------------------------- ----------------------------------------------- ---------------------------------------- ---------------------------------------- ------------------------------------------ ------------------------------------------
  Jiuquan Region     20.26                                  7.02                                            27.28                                    27.28                                    100                                        2428
  Jiayuguan Region   1.04                                   1.03                                            2.06                                     2.06                                     100                                        826
  Zhangye Region     17.25                                  4.58                                            21.83                                    21.83                                    100                                        1776
  Wuwei Region       4.38                                   2.34                                            6.72                                     6.72                                     100                                        1433
  JinchangRegion     10.70                                  5.22                                            15.92                                    15.92                                    100                                        872
  Hexi Corridor      53.63                                  20.19                                           73.82                                    73.82                                    100                                        1467

The land use/land cover area and the spatial structure of the built-up regions have undergone tremendous changes ([Table 2](#pone.0235351.t002){ref-type="table"}), which is the spatial representation of the rapid development of urbanization \[[@pone.0235351.ref068]\]. From 2000 to 2015, the area of the built-up area of the Hexi Corridor increased by 368 km^2^, and the average annual built-up area of each of the 20 cities in the region was 1.23 km^2^. The growth rate is even faster than that of some large cities in developed coastal regions. According to the remote sensing data, the arable land area increased by 1452 km^2^. But in fact, the urbanization takes up a lot of good arable land. In order to offset the impact of urbanization and maintain the red line of arable land set by the central government, the local government had to use other land resources for replacement, which reduced the bare land area by 1269 km^2^. This unprecedented rate of urbanization has brought tremendous pressure on human-land coordination and sustainable development, which has severely damaged the local fragile ecological environment.

10.1371/journal.pone.0235351.t002

###### The area (km2) of land use changes during in 2000, 2005, 2010, and 2015.

![](pone.0235351.t002){#pone.0235351.t002g}

  Year   Cropland   Woodland   Grassland   Waterbody   Build-up land   Bare land
  ------ ---------- ---------- ----------- ----------- --------------- -----------
  2000   13324      6845       52662       2193        1061            167169
  2005   14247      6811       52757       2235        1107            166818
  2010   14341      6826       52770       2240        1114            166211
  2015   14776      6817       52727       2327        1429            165900

For the Hexi Corridor, the economic agglomeration and the concentration and migration of population caused by urbanization have adversely affected the use of land and water resources \[[@pone.0235351.ref069]\]. Inevitably, this pattern of urbanization caused the irreversible deterioration of the ecological environment, the over-exploitation of natural resources and the disappearance of biodiversity \[[@pone.0235351.ref006], [@pone.0235351.ref008], [@pone.0235351.ref028]\]. Taking the Qilian Mountain Nature Reserve as an example, due to the heavy development activities and the interference of human activities, the climate drought, the rising snow line, and grassland degradation have been affected to varying degrees, causing serious damage to the eco-environment. From the 1990s to the beginning of the 21st century, there has been local high-intensity development of hydropower projects in the basins of the Hei River, Shiyang River, and Shule River in the Qilian Mountains region, with more than 150 hydropower stations being constructed. Within the reserve alone, there are 532 large and small mining enterprises in Sunan, and 46 hydropower stations have been built on the main tributaries in Zhangye. As a result, more than 20,000 m^2^ of the Qilian Mountain Reserve was occupied, and nearly 30,000 m^2^ of vegetation was destroyed. In response to the ecological destruction of the Qilian Mountains, the relevant enterprises and people have been punished by the central government because of not being responsible for their duties. Seemingly, public administration forces represented by central government departments have curbed the momentum of ecological degradation.

But in fact, the real cause of the ecological and environmental problems in the Qilian Mountains is the spatial production process driven by multiple factors. This is reflected in how to regulate the government's behavior in the relationship between the environment and the economy. Then how to deal with the superior and subordinate power? How to use the relationship between power and capital to deal with the current environmental problems? How to use the power of the government to solve the problem of sustainable development? There is more than one such case in China, where illegal construction of new villas in the northern foothills of Qin Mountains and illegal reclamation of lake water in Qiandao Lake's drinking water reserve, the over-exploitation and destruction of vegetation in Muli Coalfield of Qinghai Province and the "contraction" of Karamaili Nature Reserve in Xinjiang reflect the encroachment of urbanization on resources and ecological environment. Therefore, coordinating and regulating the functions and interests of different roles in resource allocation and environmental protection in the urbanization is an important measure to achieve urban-rural integration and sustainable development.

4. Conclusions {#sec010}
==============

The rapid urbanization has greatly changed the social and natural space of less-developed regions in China. However, in the Hexi Corridor area, the urbanization pattern dominated by spatial production has led some local governments to pursue digital urbanization and the blind expansion of the city scale. The excessive growth in fixed asset investment has severely curbed consumer demand. Real estate investment has been extremely inflated, forming the "ghost town". Over-exploitation of energy and excessive consumption of resources have caused serious damage to the ecological environment. The urban-rural income ratio in the region has been higher than the national average for a long time. The urban-rural gap in some regions has not narrowed, but is still widening \[[@pone.0235351.ref070]\]. These issues have shown that the spatial production driven by power and capital, while helping socio-economic development, ignores people-oriented social spaces that local people wanted, resulting in rural-urban separation. This made the contradiction between human and natural system is more acute. This spatial production pattern is also contradictory to sustainable development.

Urbanization of less-developed regions is a complex social process with significant spatial changes. Power plays a dominant role in the urbanization development of the Hexi Corridor. Although capital has participated in the spatial production, yet its impact on the urbanization of the Hexi Corridor is very limited due to the low-degree marketization. The spatial production has also caused serious ecological imbalances. This shows that the current urbanization pattern of the Hexi Corridor is unsustainable and must be changed \[[@pone.0235351.ref070]\]. So it is high time to rethink of traditional urbanization pattern and make a choice between spatial production and sustainable development.

Urbanization is a multi-dimensional social space process, and its occurrence and development are affected and restricted by many factors \[[@pone.0235351.ref049]\]. Different regions, because of different geographical, historical and socio-economic conditions, have different patterns of urbanization. The less-developed regions are highly resources dependent and fragile in ecological environment, so it is more difficult for them to achieve sustainable development than developed regions. Similarly, it is also important to improve the daily lives of residents, revitalize local cultural characteristics and protect the ecological environment \[[@pone.0235351.ref071]\]. Therefore, the urbanization pattern of less-developed regions should be diversified, which can be divided into three types: social type (power-oriented), economic type (capital-oriented) and environmental type (ecological-oriented). It is very urgent for the less-developed regions like Hexi Corridor to coordinate the relationship between urban and rural regions on different scales and transform the urbanization model from traditional spatial production to a new-type of urbanization with people-oriented and sustainable development \[[@pone.0235351.ref072]\].
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Review 1

From temporal and spatial perspective, the article explored the evolution process of spatial production and urbanization, and pointed out that the urbanization mode of the Hexi Corridor must be changed. Some revisions need to be done below.

1\) Line 149-153: "Based on the theories of sociology, economics, ecology and geography, the article proposes a new conceptual framework \[44, 48, 53, 55, 56\], it links spatial production, urbanization and the social space and ecological environment problems, and analyzes the process of spatial production and urbanization in less-developed." Line 253-255: "It is not difficult to see that behind the investment has been marked by the power of the brand, but also further illustrates the influence of power on urbanization." The sentences are very long and not clear, rephrase it.

2\) Interdisciplinary research is currently more advocated by the academic community, and a variety of methods are used in the article to help solve and analyze problems. Please describe how the different analyses were conducted, and the contribution of each analysis to your findings.

3\) Spatial production is the key term in the paper, however, it is difficult to understand the relationship between spatial production and sustainable development. Please add some details to make it clear.

4\) The starting and ending time of this study is 2000-2017. But when analyzing the impact of urbanization on land use, remote sensing image data is provided in 2015. Please explain why.

5\) Water shortage is an important factor affecting the ecological environment in Hexi Corridor. This article uses only 2017 data to analyze the use of water resources in the process of urbanization. Explain why.

6\) Minor issues: I recommend the author(s) should find professional language agent to improve the English presentation style.

7\) Last but not least, what is the intellectual merit and the novelty of the paper? What is the theoretical contribution of the paper? For example, what is new of this research compared with the studies of Fang et al., 2019; Ye et al., 2017; Tian and Sun, 2018. It is suggested that the author(s) think about these two issues carefully.

Review2

The topic of urbanization and sustainable development of less-developed regions in China is interesting and important. Especially, the paper explored the relationships between spatial production, urbanization and sustainable development based on the theory of spatial production, and found that the mode of urbanization in Hexi Corridor is unsustainable and must be transformed. However, there are some minor problems in this paper.

1\. The framework of the authors put is novel. Describe in detail the literature form which theories and frameworks are drawn.

2\. In the case study part, despite the authors present the materials about the irreversible deterioration of the ecological environment, the authors are lack of criticism of their argument to help international readers to better understand the current Chinese urbanization.

3\. If it is possible, I suggest the authors provide one more paragraph to illustrate the structure of this paper at the end of section 1.

4\. Is the term \"social space dialectics\" expressed accurately? Please pay attention to the specifications expressed in English. There are some terminology errors, for example, "space production" and "stratum", must be carefully revised.

5\. There some problems with sentence structure, verb tense, and clause construction. All these problems should be improved.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes
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2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: From temporal and spatial perspective, the article explored the evolution process of spatial production and urbanization, and pointed out that the urbanization mode of the Hexi Corridor must be changed. Some revisions need to be done below.

1\) Line 149-153: "Based on the theories of sociology, economics, ecology and geography, the article proposes a new conceptual framework \[44, 48, 53, 55, 56\], it links spatial production, urbanization and the social space and ecological environment problems, and analyzes the process of spatial production and urbanization in less-developed." Line 253-255: "It is not difficult to see that behind the investment has been marked by the power of the brand, but also further illustrates the influence of power on urbanization." The sentences are very long and not clear, rephrase it.

2\) Interdisciplinary research is currently more advocated by the academic community, and a variety of methods are used in the article to help solve and analyze problems. Please describe how the different analyses were conducted, and the contribution of each analysis to your findings.

3\) Spatial production is the key term in the paper, however, it is difficult to understand the relationship between spatial production and sustainable development. Please add some details to make it clear.

4\) The starting and ending time of this study is 2000-2017. But when analyzing the impact of urbanization on land use, remote sensing image data is provided in 2015. Please explain why.

5\) Water shortage is an important factor affecting the ecological environment in Hexi Corridor. This article uses only 2017 data to analyze the use of water resources in the process of urbanization. Explain why.

6\) Minor issues: I recommend the author(s) should find professional language agent to improve the English presentation style.

7\) Last but not least, what is the intellectual merit and the novelty of the paper? What is the theoretical contribution of the paper? For example, what is new of this research compared with the studies of Fang et al., 2019; Ye et al., 2017; Tian and Sun, 2018. It is suggested that the author(s) think about these two issues carefully.

Reviewer \#2: The topic of urbanization and sustainable development of less-developed regions in China is interesting and important. Especially, the paper explored the relationships between spatial production, urbanization and sustainable development based on the theory of spatial production, and found that the mode of urbanization in Hexi Corridor is unsustainable and must be transformed. However, there are some minor problems in this paper.

1\. The framework of the authors put is novel. Describe in detail the literature form which theories and frameworks are drawn.

2\. In the case study part, despite the authors present the materials about the irreversible deterioration of the ecological environment, the authors are lack of criticism of their argument to help international readers to better understand the current Chinese urbanization.

3\. If it is possible, I suggest the authors provide one more paragraph to illustrate the structure of this paper at the end of section 1.

4\. Is the term \"social space dialectics\" expressed accurately? Please pay attention to the specifications expressed in English. There are some terminology errors, for example, "space production" and "stratum", must be carefully revised.

5\. There some problems with sentence structure, verb tense, and clause construction. All these problems should be improved.
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4 Jun 2020

Dear editor and reviewers:

Thank you very much for your suggestions. We would like to submit the revised manuscript entitled "Spatial production or sustainable development? An empirical research on the urbanization of less-developed regions based on the case of Hexi Corridor in China" (PONE-D-20-09509), which we wish to be considered for publication in your Journal. Those comments are all valuable and very helpful for revising and improving our paper. We have studied the comments carefully and made corrections which we hope meet with approval. The main corrections in the paper and responding to the reviewer's comments are as follows.

Reviewer 1:

1\) Line 149-153: "Based on the theories of sociology, economics, ecology and geography, the article proposes a new conceptual framework \[44, 48, 53, 55, 56\], it links spatial production, urbanization and the social space and ecological environment problems, and analyzes the process of spatial production and urbanization in less-developed." Line 253-255: "It is not difficult to see that behind the investment has been marked by the power of the brand, but also further illustrates the influence of power on urbanization." The sentences are very long and not clear, rephrase it.

ANS: We have rephrased these sentences.

Based on the theories of sociology, economics, ecology and geography, the article proposes a new conceptual framework \[44, 48, 53, 55, 56\], links spatial production, urbanization and the social space and ecological environment problems, and analyzes the process of spatial production and urbanization in less-developed regions.

However, the change in investment structure reflects the role of the government, which further illustrates the impact of power on urbanization.

2\) Interdisciplinary research is currently more advocated by the academic community, and a variety of methods are used in the article to help solve and analyze problems. Please describe how the different analyses were conducted, and the contribution of each analysis to your findings.

ANS: In order to analyze the relationship between spatial production and urbanization, we used Ye Chao and Yang Zhen's research methods to construct a simple indicator system. In the process of explaining the evolution of urbanization and space production in Hexi corridor, this paper analyzes it from two dimensions of time and space. In terms of time, it combs the country and local policy of the same period. Using the statistical data, the paper clarified the main driving force and role of urbanization in underdeveloped areas under multiple factors. In terms of space, we used the GIS method to visualize the spatial production process, and analyzed the spatial process and dynamics of the urbanization of the Hexi Corridor from the county level. We mainly illustrate the impact of urbanization or spatial production on sustainable development from two aspects: water resources and land resources. The paper uses the RS method to interpret land use resource data, and local government data (from the Water Resources Bulletin) to explain the dynamics and characteristics of changes.

3\) Spatial production is the key term in the paper, however, it is difficult to understand the relationship between spatial production and sustainable development. Please add some details to make it clear.

ANS: As a critical social or urban theory, "production of space generally means that the urban landscapes and spatial structures have been reshaped by political, economic, and social factors, mainly including capital, power, and class, so that the urban space finally becomes their production and process" (Ye et al., 2014). This concept extends the core idea of production of space, "(social) space is (social) production" (Lefebvre, 1991), and here "social" is a concept in a broad sense, including political, economic, (narrow-sense) social and cultural and other factors or human behaviors. Spatial production is not only the reproduction of social space, but also the reproduction of spatial relationships. Space is the product and content of society, and society is the collection and representation of space. The two are constantly being reshaped under the interweaving action (Ye et al., 2014). Space is not just a passive recipient of social, economic and cultural infestation, but an active participant in urbanization (Lv et al., 2019). Capital, power, and class are the sources of motivation for spatial production and social revolution. Spatial production is a social relationship under the influence of various forces like capital, and then this social relationship has shaped an urbanization process from rural space to urban space (Fang et al., 2015). These processes directly affect the three sustainable development areas of economic prosperity, social development and environmental protection (Claudia and Karola, 2019).

4\) The starting and ending time of this study is 2000-2017. But when analyzing the impact of urbanization on land use, remote sensing image data is provided in 2015. Please explain why.

ANS: The LULC data of this paper are taken from the Resource and Environment Data Cloud Platform (<http://www.resdc.cn/>) of Chinese Academy of Sciences. The data is based on Landsat TM/ETM+/OLI remote sensing Image, which is generated by manual visual interpretation, and the synthetic precision is over 95%. Currently, land use data for eight periods in 1980, 1990, 1995, 2000, 2005, 2010, 2015 and 2018 are available. Since there is no 2017 land use data, the 2015 data are used instead in this paper.

5\) Water shortage is an important factor affecting the ecological environment in Hexi Corridor. This article uses only 2017 data to analyze the use of water resources in the process of urbanization. Explain why.

ANS: Rapid urbanization of Hexi Corridor faced a series of ecological problems such as increased desertification and oasis degradation, which will delay or even hinder social and economic development. The Hexi Corridor belongs to arid and water deficient regions in northwest China. We collected water resource data of Hexi Corridor in 2000,2005,2010 and 2017, which are from the annual "Water Resources Bulletin" issued by the Gansu Provincial Department of Water Resources. According to the international standards (UNDP, 1990), the Hexi Corridor is divided into four water deficient regions. From 2000 to 2017, we found that water resource only in Wuwei region went from moderate to severe water shortage, other areas did not change significantly. To avoid duplication, we only use the water data of 2017 to reflect the water use situation in the Hexi Corridor.

6\) Minor issues: I recommend the author(s) should find professional language agent to improve the English presentation style.

ANS: We have asked the professional language agent (see attachment) and professional staff to modify the English expression. All of corrections in text have been marked in color.

7\) Last but not least, what is the intellectual merit and the novelty of the paper? What is the theoretical contribution of the paper? For example, what is new of this research compared with the studies of Fang et al., 2019; Ye et al., 2017; Tian and Sun, 2018. It is suggested that the author(s) think about these two issues carefully.

ANS: Spatial production theory is concerned with the relationship between society and space. According to social-spatial dialectics, political power, economic capital and social class are the three important components of spatial production (Ye et al., 2017). The traditional pattern of urbanization, dominated by government power, with large-scale expansion of space and capital, is almost at odds with the goal of sustainable development (Ye et al., 2017), this social relationship reshapes the process of urbanization from rural space to urban space. However, spatial production-led urbanization is changing human-land relationships as well as socio-cultural spaces in less developed regions (Fu et al., 2018). Urban-rural disparities have increased, spatial injustices have become more frequent, resource overuse and ecological damage have seriously affected regional sustainable development (Fang et al., 2019). The harmonious development of population, economy, resources and environment is the foundation of sustainable development (Tian and Sun, 2018). It is an inevitable choice for sustainable development to study the process and mechanism of spatial production and urbanization, and to explore the urbanization mode in harmony with ecological environment. On the basis of the above-mentioned theories, this paper puts forward a new, conceptual framework by using the existing theoretical framework for reference. Previous researches mainly concentrate on spatial production in developed countries or regions. The urbanization and sustainable development of less-developed regions, with complex and fragile ecological environments, are often overlooked. It is a new idea to explain the relationships and interactions between spatial production, urbanization and sustainable development based on less-developed regions by the theory of spatial production. This paper proposes a new framework of "spatial production-urbanization-sustainable development", which helps to formulate policies and meet challenges in less-developed regions, and provides a scientific reference for sustainable urbanization in developing countries.

Reviewer 2:

1\. The framework of the authors put is novel. Describe in detail the literature form which theories and frameworks are drawn.

ANS: According to Lefebvre\'s social-spatial dialectics, political power, economic capital and social class are the three important components of space production (Ye et al., 2017). Spatial production theory is concerned with the relationship between society and space. The traditional pattern of urbanization, dominated by government power, with large-scale expansion of space and capital, is almost at odds with the goal of sustainable development (Ye et al., 2017), this social relationship reshapes the process of urbanization from rural space to urban space. However, spatial production-led urbanization is changing human-land relationships as well as socio-cultural spaces in less developed regions (Fu et al., 2018). The gap between urban and rural areas is widening, space inequality is becoming more pronounced, and the excessive use of resources and ecological damage are seriously affecting sustainable development in different regions (Fang et al., 2019). The harmonious development of population, economy, resources and environment is the basis of sustainable development (Tian and Sun, 2018). It is the inevitable choice of sustainable development to study the process and mechanism of space production and urbanization, and to explore the mode of urbanization coordinated with the ecological environment. On the basis of the above-mentioned theories, this paper puts forward a new conceptual framework by using the existing theoretical framework for reference.

2\. In the case study part, despite the authors present the materials about the irreversible deterioration of the ecological environment, the authors are lack of criticism of their argument to help international readers to better understand the current Chinese urbanization.

ANS: We have commented on the case in the last paragraph of section 3. But in fact, the real cause of the ecological and environmental problems in the Qilian Mountains is the spatial production process driven by multiple factors. This is reflected in how to regulate the government's behavior in the relationship between the environment and the economy. Then how to deal with the superior and subordinate power? How to use the relationship between power and capital to deal with the current environmental problems? How to use the power of the government to solve the problem of sustainable development? Therefore, coordinating and regulating the functions and interests of different roles in resource allocation and environmental protection in the process of urbanization is an important measure to achieve urban-rural integration and inclusive development.

3\. If it is possible, I suggest the authors provide one more paragraph to illustrate the structure of this paper at the end of section 1.

ANS: We have added a paragraph to illustrate the structure of this paper at the end of section 1 according to the reviewer's suggestion.

4\. Is the term "social space dialectics" expressed accurately? Please pay attention to the specifications expressed in English. There are some terminology errors, for example, "space production" and "stratum", must be carefully revised.

ANS: "social space dialectics" should be corrected to "social-spatial dialectics", "space production" should be "spatial production", and "stratum" should be "class". All of these corrections in text have been marked in color.

5\. There some problems with sentence structure, verb tense, and clause construction. All these problems should be improved.

ANS: We have asked professional language agents (see attachment) and professionals to help us modify the inappropriate English expressions in the article. All corrections in the text have been coloured in.

We have tried our best to improve the manuscript and made some changes in the manuscript. These changes will not influence the content and framework of the paper. We appreciate for Editors/Reviewer' warm work earnestly, and hope that the corrections will meet with approval. We would like to express our heartfelt thanks to the editors/reviewers for their enthusiastic work, and it is hoped that these corrections will be approved.

Thank you very much again for your comments and suggestions.

Best

Authors
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Dear Dr. Zhang,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Jun Yang

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Accept

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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Dear Dr. Zhang:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Jun Yang

Academic Editor

PLOS ONE
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